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Abstract 

Deficiency of selenium (Se) has been described in a significant number of COVID-19 patients 

having a higher incidence of mortality, which makes it a pertinent issue to be addressed clinically 

for effective management of the COVID-19 pandemic. Se nanoparticles (SeNPs) provide a 

unique option for managing the havoc caused by the COVID-19 pandemic. SeNPs possess 

promising anti-inflammatory and anti-fibrotic effects by virtue of their nuclear factor kappa-

light-chain-stimulator of activated B cells (NFκB), mitogen-activated protein kinase (MAPKs), 

and transforming growth factor-beta (TGF-β) modulatory activity. In addition, SeNPs possess 

remarkable immunomodulatory effects, making them a suitable option for supplementation with 

a much lower risk of toxicity compared to their elemental counterpart. Further, SeNPs have been 

shown to curtail viral and microbial infections, thus, making it a novel means to halt viral 

growth. In addition, it can be administered in the form of aerosol spray, direct injection, or 

infused thin-film transdermal patches to reduce the spread of this highly contagious viral 

infection. Moreover, a considerable decrease in the expression of selenoprotein along with 

enhanced expression of IL-6 in COVID-19 suggests a potential association among selenoprotein 

expression and COVID-19. In this review, we highlight the unique antimicrobial and antiviral 

properties of SeNPsand the immunomodulatory potential of selenoproteins. We provide the 

rationale behind their potentially interesting properties and further exploration in the context of 

microbial and viral infections. Further, the importance of selenoproteins and their role in 

maintaining a successful immune response along with their association to Se status is 

summarized. 

Key words: COVID-19; Selenium nanoparticles; Antimicrobial; Antiviral; Anti-inflammatory; 

Selenoproteins. 
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1. Introduction 

The Coronavirus disease-2019 (COVID-19) originated from the SARS-CoV-2 virus and has 

emerged as the greatest health emergency of the past century [1]. To date, there is no effective 

therapeutic option that can cater to the need of rising cases of COVID-19 cases [2]. The 

complications of COVID-19 are not restricted to the respiratory system alone. Numerous studies 

have been reported for its detrimental effects on the nervous, cardiovascular, and gastrointestinal 

systems [3-6]. The spike protein of COVID-19 interacts with the ACE-2 (angiotensin-converting 

enzyme-2) receptor of the host which is followed by the release of the viral genome into the host 

cytoplasm. The single-stranded RNA genome of the virus has ORF1a and ORF1b genes, which 

are translated to produce two polyproteins (PPs) namely pp1a and pp1b. These polyproteins are 

processed or cleaved by proteases resulting in the formation of 16 non-structural proteins, which 

perform various functions and hijack the host ribosomes for their own protein synthesis. This 

process is accompanied by assembly and budding into the endoplasmic reticulum and finally, the 

produced virions are released from the host via exocytosis [7-9]. Patients already affected with 

diabetes, hypertension, and other metabolic dysfunctions are at an increases risk of morbidity 

and mortality. Hence, the management of patients with multiple organ dysfunction requires an 

array of symptomatic medicine to provide relief and reducing the risk of life-threatening 

complications. 

A large number of antiviral, antimicrobials, and anti-parasitic drugs have been repurposed for the 

treatment of COVID-19 with limited success [10, 11]. In fact, drugs like chloroquine and 

hydroxychloroquine have raised serious safety concerns, with most of the trials reporting 

inadequate therapeutic effects [12, 13]. Though multiple vaccines have been authorized for 

emergency use, the global clinical community is skeptical about their safety [14, 15]. Thus, novel 

therapeutic options with promising antiviral, antimicrobial, and anti-inflammatory effects are the 

need of the hour. To this end, nanotechnology offers unique and versatile options to fight against 

this pandemic [16-18]. The nanotechnology-based tools can be used for effective prevention by 

using nanomaterial containing disinfectants, for better diagnosis of COVID-19, for superior 

therapeutic effects of the repurposed drugs and for improving the efficacy of vaccines [19-23].  

Selenium (Se) is an essential trace element with diverse physiological effects. Keshan disease is 

a congestive cardiomyopathy disease that occurs due to Se deficiency in the diet in combination 
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with a mutated strain of Coxsackie virus [24, 25]. Moreover, Se deficiency has also been 

associated with the occurrence of infection or disease progression of other viral infections as 

well. Beck et al., have described that Se-deficient mice along with the null or low activity of 

protective glutathione peroxidase 1 (Gpx-1), results in the generation of virulent strains by 

causing mutations in RNA viruses [26]. This finding supports the explanation for myocarditis-

associated mutations in the Coxsackie virus which results in Keshan-disease associated 

cardiomyopathy [24, 25]. It has been shown that a large number of COVID-19 patients suffer 

from Se deficiency, and high mortality has been shown among such patients [27-30]. Se 

deficiency is known to support replication, mutation, and emergence of RNA viruses. The risk of 

lung damage due to oxidative stress is partly counteracted by Se and selenoproteins in the lungs 

[31, 32]. Selenoproteinsin the form of selenocysteine maintain multiple physiological functions 

like redox machinery balance, immune-modulation, and cell signaling. It has been reported that 

in hospitalized patients of COVID-19 infection, Se deficiency is quite common [27, 33]. 

Khatiwadi et al., revealed that an appropriate dose of Se may serve as supportive therapy in 

COVID-19 [31], and Zhang et al., showed that Se is linked with the curing rate of COVID-19 

[34]. Se nanoparticles (SeNPs) possess potential anti-inflammatory and anti-fibrotic effects, 

modulate nuclear factor kappa-light-chain-stimulator of activated B cells (NFκB), nuclear factor 

erythroid 2 (NFE2)-associated factor 2 (Nrf2), redox imbalance, and mitogen-activated protein 

kinase (MAPKs) [35]. SeNPs have also been shown to possess transforming growth factor-beta 

(TGF-β) inhibitory activity, a property desirable for halting the progression of organ fibrosis. 

Further, it elicits remarkable antiviral and antimicrobial effects making them an attractive 

preclinical candidate for evaluation against COVID-19 [36-40]. These SeNPs can be employed 

as a holistic approach for the management of COVID-19 and related complications. It can reduce 

load of the virus by virtue of its antiviral property, prevent secondary microbial infections by its 

promising antimicrobial effects, as well as reduce respiratory and other systemic complications 

by impeding the progression of systemic inflammatory complexities [31, 41, 42]. Further, SeNPs 

have been reported to boost the efficacy of vaccines as well. In addition, it has been observed 

that COVID-19 patients have a deficiency of Se, and supplementation of Se may improve the 

levels of physiological selenoproteins thus, may aid in recovery from the disease. The current 

review highlights the role of selenoproteins and SeNPs in the modulation of the immune 

response against viral and microbial infections. Further, we summarize the unique features and 
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advantages of SeNPs over elemental Se and how SeNPs, may be tested effectively for the 

management of COVID-19. 

2. Se in humans 

Se is a vital trace element that is essential for the normal functioning of numerous metabolic 

pathways in humans and other organisms as well. The quantity of Se present in humans and 

other organisms is quite variable and typically depends on the geographical location and dietary 

intake. The recommended minimum dose of Se element is 55 µg/day [43] and is essential to 

maintain the normal course of physiological and biochemical processes in humans [44, 45]. 

Serum levels of Se among different populations may vary, that depends upon a number of factors 

like diet, and the amount of dietary Se and also depends on the age of the person [46]. 

The total amount of Se in a healthy person is ~3-20 mg. Table 1 enlists the recommended daily 

limit of Seas per age. The skeletal muscles constitute ~46.9% of the total amount of Se in 

humans, while kidneys hold only 4% of total Se [47]. The amount of Se in humans has quite 

relied on age, the peak Se concentration is attained in adulthood while individuals above the age 

of 60 years showed a progressive decrease in serum Se level [48]. Serum level of Se below 85 

µg/L is considered to be a deficient state in humans and decreased levels of Se is linked with an 

increased risk of prostate cancer by 4-5 folds [49, 50]. Daily doses in the range of Se with 100-

200 µg results in reduced chances of genetic damages [51]. Numerous reports have been 

published that indicated Se intake may be a crucial factor and can aid in preventing cancer 

development and treatment as well [52, 53]. A randomized double-blinded, placebo-controlled 

Phase 2 clinical trial was conducted on COVID-19 patients regarding the administration of Se in 

the form of selenious acid. The results of the clinical trial are not yet released (NCT04869579). 

The participants who were moderately-ill, severely-ill, or critically ill were given an infusion of 

selenious acid with a dose of 2000 µg on day 1 as a loading dose, and for the next 2 to 14 days a 

maintenance dose was given as infusion comprising of 1000µg. Many similar clinical trials are 

being conducted on Se supplementation in COVID-19 patients with doses varying from study to 

study, in one study Se is given orally at a dose of 15 µg once a day and in another study it is 

given at a dose of 110 mg as dietary supplement. As there are no concrete evidences available 

yet, it is hard to conclude which dose, which form of Se and which route of administration is the 

best for Se supplementation in COVID-19 patients until the results of these trials are made 
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publically available [54]. Consumption of Se at 200 µg/day in the form of Na2SeO3 results in an 

increased natural killer (NK) and cytotoxic T cells formation, whereas consuming Se at a dose of 

100 µg/day attenuated the symptoms of anxiety and depression [49]. Notably, Se at a dose of 800 

µg/day did not reveal any negative result in adults, but a toxic effect of Se has been reported with 

a dose of 1540 to 1600 µg Se/day. The severity of symptoms varies from person to person 

depending upon various factors [55]. Hence, it is difficult to comment if Se species can be of 

clinical application for COVID-19 and detailed critical investigations are required to arrive at a 

conclusion. 

Table 1: Daily recommended intake of Se as per age groups.   

Age (in years) Se intake (µg/day) Reference 

1-3 15-20 [56] 

[57] 

[58] 

4-13 30-40 

14-50 55-70 

>50 70-100 

 

3. Selenoproteins and their role in redox machinery 

The essential role of Se in the biological system is also related to its association with enzymes 

and proteins. There are several enzymes present in the human body that are Se-dependent where 

the active central core carries Se in the form of selenocysteine and are called selenoproteins. 

Selenocysteine is one of the potent antioxidant agents that belongs to the free-radical scavengers 

class [59]. There are around 25 selenoprotein genes that are known till now, and perform various 

functions in cells such as in cell signaling, antioxidant, immune modulator, and redox 

homeostasis. The advances in exploring selenoproteins have contributed to our understanding of 

the role of Se and its applications related to human health [60]. GPx was the first enzyme that 

was identified as a selenoprotein which protects the cellular component such as cellular 
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membrane, DNA and also protects the hemoglobin, red blood cells, and fatty acids by 

eliminating hydrogen peroxide from the body and protects against destructive impacts of 

oxidation [51, 61]. It helps in the prevention of oxidative stress that causes various diseases of 

development and progression [62]. Downregulationofselenoprotein expression may lead to host 

susceptibility to oxidative stress (especially endoplasmic reticulum associated stress) and 

infections as well. The different classes of selenoproteins along with their function in different 

cells are enlisted in Table 2. 

Table 2: Different classes of selenoproteins along with their function in different cells. 

S. 

No 

Selenoprotein Function Tissue localization Ref. 

1. Glutathione 

peroxidase-1 (GPx-1) 

Antioxidant, inhibits mutations in 

virus by decreasing the ability of 

virulence in retrovirus 

Present in liver, kidneys, 

and lungs 

[63] 

2. Glutathione 

peroxidase-2 (GPx-2) 

Antioxidant, prevents oxidative 

stress, maintains integrity of 

intestinal mucosa,anti-apoptotic 

activity in colon 

Present mainly in liver 

and gastrointestinal tract 

[64] 

3. Glutathione 

peroxidase-3 (GPx-3) 

Decreased lipid hydro peroxides, 

exhibited antioxidant activity, 

protects thyroid gland from 

hydrogen peroxide 

Present in extracellular 

fluid, breast, plasma, 

liver, placenta heart, 

gastro-intestinal tract, 

male reproductive system 

and  kidneys 

[65, 

66] 

4. Glutathione 

peroxidase-4 (GPx-4) 

Antioxidant activity prevents brain 

from peroxidative damage, 

converts cholesterol and cholesterol 

esters into lower toxic analogs, 

crucial in sperm viability and 

motility, regulation of follicular 

helper T cells homeostasis 

Present in testes [67-

69] 

5. Glutathione 

peroxidase-5 (GPx-5) 

Unknown Olfactory lining and 

embryo 

[70] 

6. Glutathione 

peroxidase-6 (GPx-6) 

Unknown Present in humans only [71] 

7. Glutathione 

peroxidase-7 (GPx-7) 

Reverses linkage among GPx-7 and 

cancer cells multiplication 

Lumen [71, 

72] 

8. Glutathione 

peroxidase-8 (GPx-8) 

Role in protein folding, antioxidant Liver, kidney [72] 

9. Iodothyronine 

deiodinase-1 (DIO1) 

Generation of active T3 hormones 

in thyroid as well as in peripheral 

tissues. Conversion of inactive 

thyroxin into active tri-

Mainly in thyroid, 

kidney, brown fat and 

liver 

[73] 

Jo
urn

al 
Pre-

pro
of



8 
 

iodothyronine 

10. Iodothyronine 

deiodinase-2 (DIO2) 

T3 generation in peripheral tissues, 

induction of thyroid hormones 

Present in central 

nervous system, heart, 

brown adipose tissue, 

pituitary, and skeletal 

muscle 

[74] 

11. Iodothyronine 

deiodinase-3 (DIO3) 

Inhibits presentation of foetus to 

T3 cells, inactivity of thyroid 

hormones 

Found in cerebral cortex, 

uterus, placenta, skin, 

fetal, and central nervous 

system (CNS) 

[75] 

12. Thioredoxinreductase 

1 (TXNR1) 

Antioxidant function, decrease 

thioredoxin, controls apoptosis, 

transcription factors, and cell 

proliferation 

Liver, testes [63] 

13. Thioredoxinreductase 

2 (TXNR2) 

Cell growth factor in DNA 

synthesis and inhibition of 

apoptosis 

Liver, kidneys [63] 

14. Thioredoxinreductase 

3 (TXNR3) 

Unknown Present in testes  

15. Selenoprotein P 

(SELENOP) 

Transport Se, maintain 

homeostasis, antioxidant activity, 

possesses ten selenocysteine 

moiety 

Predominantly present in 

plasma, liver, testes, and 

brain 

[76, 

77] 

16. Selenoprotein S 

(SELENOS) 

Role in inflammation, clears out 

mis-folded ER proteins, 

stimulatesapoptosis, ER stress 

Liver, kidney [78] 

17. Selenoprotein N 

(SELENON) 

Redox signaling,  calcium 

homeostasis and muscle 

development 

Liver, kidney [79] 

18. Selenoprotein W 

(SELENOW) 

Antioxidant activity in lungs, 

calcium attaching ability, regulates 

differentiation of osteoclast and 

inhibition of osteoporosis, 

regulation of T cells activity 

Skeletal muscle, prostate, 

heart, colon, long bone, 

brain, liver and brain 

[80-

82] 

19. Selenoprotein K 

(SELENOK) 

Antioxidant activity, myogenesis, 

regulation of ER stress  

  

Immune cells and spleen, 

skeletal muscle 

[83-

85] 

20. Selenoprotein H 

(SELENOH) 

Gene regulation of glutathione Brain, and muscle cells [86] 

21. Selenoprotein R 

(SELENOR) 

Antioxidant, protein repair, 

methionine metabolism 

Kidney and liver cells [87] 

22. Selenoprotein M 

(SELENOM) 

Antioxidant activity Neuronal cells  [80] 

23. 15Kd selenoprotein 

(SEP15) 

Role in folding of glycoprotein Kidney and liver cells [88] 

24. Selenophosphate Selenocysteine biosynthesis from Kidney, liver [89] 
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synthase 2 (SPS-2) selenophosphates 

 

3.1 Selenoproteins modulate immunity 

Selenoproteins play a crucial role in boosting the immune system as many immune cells express 

various members of the selenoprotein family [90]. In immune cells, selenoproteins are known to 

perform the antioxidant function by maintaining redox signaling, oxidative burst, regulating 

immunity and inflammation, Ca2+ flux, protein folding, and other effector functions of immune 

cells [91, 92]. They can stimulate the regulation of IL-2 receptors that can enhance the response 

of T and B lymphocytes towards IL-2 thereby modulating the immune cell functioning. It has 

been reported that selenoproteins play an important role in protecting the cells from oxidative 

damage and are expressed in a large number in immune cells and tissues [93]. Selenoproteins 

such as GPx4 exhibit an important role in T cell immunity by inhibiting ferroptotic cell death 

while GPx3 removes excessive H2O2, hence, maintaining redox homeostasis [92]. Additionally, 

the neutrophils enhanced the synthesis of the GPx4 in a ROS-dependent manner resulting in cell 

survival. Similarly, the selenoprotein namely TXNRD1 is one of the highly expressed 

selenoproteins in macrophages and is crucial in maintaining redox homeostasis in activated 

macrophages [94]. Two selenoproteins i.e., SELENOK andSELENOS demonstrated a protective 

role in immunity and inflammation.SELENOS regulates ER stress due to enhanced protein 

processing along with macrophage activation and also influences circulating inflammatory 

cytokines (IL-1β, IL-6, TNF-α) in Hashimoto's thyroiditis pathogenesis. Additionally, 

SELENOK is crucial in ER related protein degradation (ERAD) pathway and maintenance of 

Ca2+ flux in ER. Numerous immune cell activities are dependent on store operated Ca2+ entry 

(SOCE) and are affected in SELENOK deficient immune cells; which include migration, 

proliferation, protection against pathogens and cytokine secretion [90, 95].  Moreover, Sep15 

mRNA is present in immune cells in abundance and functions by promoting proper protein 

folding that enhances the efficiency of dietary Se to function properly. The selenoproteinMSRB1 

has potential role in macrophage biology that aids in promoting cellular activation by regulating 

actin polymerization leading into functions like phagocytosis, cytokine secretion and activate 

innate immunity [96]. Viral infection results in downregulation of the expression of 

selenoproteins which in turn leads to the decrease in concentration of Se and thus, making the 
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host vulnerable to infections. Additionally, SARS-CoV-2 infection showed influence on the 

expression of selenoprotein at mRNA level in Vero cells. SARS-CoV-2 triggers the 

inflammatory cascade as evident by enhanced IL-6 expression. It reduced the mRNA expression 

of ferroptosis-associated DNA synthesis-related TXNRD3, GPX4, and endoplasmic reticulum-

resident SELENOF, SELENOK, SELENOM and SELENOS. Furthermore, computational 

modeling predicted an antisense interface between TXNRD3 mRNA and SARS-CoV-2. 

Findings of this study shows the direct inhibitory property of SARS-CoV-2 replication on the 

expression of selenoprotein mRNAs, which merits further investigation for the association 

between dietary Se condition and the impact on SARS-CoV-2 infection [97]. As shown in table 

2, there are several means by which Se, through selenoprotein functions, may counteract 

COVID-19. Hence, to maintain appropriate Se concentration owing to its beneficial effects, 

SeNPs might be a useful approach [94]. 

3.2 Selenoproteins and viral infection 

The antioxidant activity of selenoproteins contributes to increasing anti-viral immunity. 

Selenoproteins such as GPxs, TXNRDs, and ER selenoproteins are known to affect viral 

pathogenicity by minimizing the oxidative stress caused by the spread of the virus inside the host 

cell. Selenoproteins are reported to regulate the redox homeostasis in influenza H1N1, 

coxsackievirus B3, Hantavirus, HIV-1, Polio, influenza A/Bangkok/1/79 (H3N2), hepatitis B & 

C [98]. In case of infection with lymphocytic choriomeningitis virus (LCMV)-WE strain, the 

selenoproteinTXNRD1 is crucial for increasing the activated T-cell number in infection [99]. 

The infection of hepatitis C virus is associated with liver fibrosis and hepatocellular carcinoma 

(HCC), SELENOM showed upregulation in human HCC cell lines and liver biopsies of patients 

with HCV-related cirrhosis and are associated with maintaining liver oxidative stress. 

Selenoproteins can be encoded in the genome of viruses such as in Fowlpox & Molluscum 

contagiosum, probably preventing them from ROS generated by host phagocytes [99]. Multiple 

viral families can activate NF-κB by inducing viral proliferation and inhibiting virus-induced 

apoptosis [99]. As the concentration of 15d-PGJ2 increases, Se/selenoproteins can decline NF-

κB activation, thereby minimizing viral replication [100]. Furthermore, in Porcine Circovirus 2 

(PCV2), the addition of H2O2 can induce oxidative stress leading to increased viral replication. 

This effect was prevented by selenoproteins SELENOS and GPx1 [98]. 
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There are reports of a correlation between COVID-19 and selenoproteins. The expression of 

various selenoproteins namely endoplasmic reticulum selenoproteins, TXNRD3, GPx4, 

SELENOK, SELENOF, SELENOS, SELENOM remarkably decreased in COVID-19 infected 

Vero E6 cells while increased expression of IL-6 was noticed [101]. The COVID-19 infection 

leads to down-regulation of the selenoprotein expression thereby, resulting in increased events of 

ER-associated stress and mis-folded proteins in ER. Additionally, there is a link between 

decreased expression of SELENOS and release of inflammatory cytokines[102]. This correlation 

may be linked to COVID-19 induced significant increase of IL-6 concentrations. 

As discussed earlier, Se deficiency results in down-regulationof the selenoprotein expression 

which in turn leads to weakening of the immune system against infectious diseases. During viral 

infections, host metabolism can be affected in multiple ways, resulting in dysregulation of redox 

homeostasis [103]. The viral pathogens give rise to oxidative stress by increasing the ROS 

production and modification of cellular ROS scavenging systems. As part of the antioxidant 

defense, selenoproteins, play a crucial role in regulating oxidative stress [96]. However, Se 

deficiency leads to down-regulationof the expression of selenoproteins resulting in their inability 

to counteract oxidative stress [94, 103, 104]. Hence, to overcome the reduced expression of 

selenoproteins due to deficiency of Se, SeNPs can be an effective means to halt the progression 

of COVID-19 disease and can be a potent pre-clinical candidate for the management of COVID-

19. 

4. Selenium based molecules and their antiviral effects 

4.1 Ebselen 

Ebselen, [2-phenyl-1,2-benzisoselenazol-3(2H)-one] is an organoselenium-based compound 

thatexhibits potential anti-inflammatory, antioxidant, anti-microbial, and cytoprotective 

properties against mammalian cells [105]. Ebselen showed excellent bactericidal activity 

against S. aureus (0.125-0.5 μg/mL), E.faecium (0.25-0.5 μg/mL), E. faecalis (0.25-

0.5 μg/mL), Streptococcus agalactiae (0.5 μg/mL) and Streptococcus pyogenes (0.5 μg/mL), 

including multidrug resistance (MDR) clinical isolates of vancomycin and methicillin-resistant 

strains. On the other hand, ebselen showed modest antimicrobial activity against Gram-negative 

bacteria like E. coli (32 μg/mL), A. baumannii (16 μg/mL), K. pneumoniae (64 μg/mL), P. 
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aeruginosa (>256 μg/mL) and S. typhimurium (32 μg/mL) [106]. Ebselen and its corresponding 

analogs were proved to be effectively active against Mtb (10 μg/mL), Bacillus 

cereus (0.86 μg/mL) and Bacillus subtilis (0.12 μg/mL) [107]. In addition, ebselen has displayed 

anti-biofilm activity and decreased the already-established staphylococcal biofilm [108].  

Ebselen prevents the cellular damage caused by ROS by virtue of its glutathione peroxidase 

mimetic activity. In yeast, it interferes with ATPase activity and proton-translocation function 

whereas, in E. coli, it suppressesTRX competitively [105]. Ebselen also possesses potential 

activity against bacteria where thioredoxin and thioredoxin reductase are crucial for synthesizing 

DNA and are deficient in glutaredoxin and glutathione reductase [109]. In addition, ebselen 

demonstrates a remarkable obstacle in developing antibacterial resistance. Altogether, ebselen 

exhibits a wide range of antibacterial actions against Gram-positive and Gram-negative bacteria 

either singly or in synergy [108]. All these findings advocate that repurposing ebselen and 

utilizing it as a potent therapeutic option for the treatment of antibiotic-resistant bacteria. 

Ebselen prevents LPS induced inflammatory airway and smoking-induced inflammation [110]. 

BXT-51072 and BXT-51077 are orally active, low molecular weight, organoselenium 

compounds that haveGPx mimetic activity. They augment the rate of peroxide metabolism, 

restrain inflammation and inhibit oxidative damage by inhibiting the activation of inflammatory 

mediators [111].  

Recently, the protective role of ebselen against SARS-CoV-2 has been described. COVID-19 

positive patients were found to possess a reduced level of Se in their body which is correlated to 

diseases associated morbidity and mortality. Notably, ebselen, an organic Se species, has shown 

to restrain COVID-19 by covalently attaching to COVID-19 virionMpro by binding to cell 

membranes. Ebselen is most efficient at a dose range of 10 μM in Vero cells infected with 

COVID-19 infected. Higher Se intake may have potential to increase recovery rate in COVID-19 

infections [27, 41]. Moreover, Moghaddam et al., reported that Se levels in the serum samples of 

recovered COVID-19 patients were elevated in comparison with non-survivors ([Se] 53.3 ± 16.2 

& 40.8 ± 8.1 µg/L, [Selenoprotein] 3.3 ± 1.3 & 2.1 ± 0.9 mg/L) [112].  

In SARS-CoV-2 infected cells in culture, there was reduced expression of several selenoproteins, 

including those that regulate ER stress, and an increase in the expression of IL-6. This suggests a 
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possible connection between decreased selenoprotein expression and COVID-19-related 

inflammation. Experimental research has revealed that the selenium compound ebselen is a 

potent inhibitor of the major SARS-CoV-2 protease required for viral maturation within the host. 

This study raises the possibility that redox-active selenium species produced at high selenium 

consumption could block SARS-CoV-2 protease [94]. Presently, there is no FDA approval for 

the use of ebselen in SARS-CoV2-infection however, there are two phase II clinical trials 

(NCT04484025 and NCT04483973) with the current status as, “enrolling by invitation for the 

treatment of moderate and severe SARS-CoV-2 infections”, and no results were posted yet 

(clinicaltrials.gov). 

It has been demonstrated that ebselen co-crystallized with antioxidant enzyme and established a 

selenylsulphide bond with Cys111 at the dimer-dimer interface, which would further contribute 

to the reduction of M pro's proteolytic activity [113]. Adjuvant treatment with ebselen improved 

the therapeutic outcome, it worked on immunity boosting, antioxidant profile in patients 

suffering from this deadly virus and reduced inflammation of lung in respiratory distress 

syndrome, and additionally vascular damage and venous thrombosis could be avoided by 

managing focal ischemic injury [114]. Further, ebselen and its structural analogues inhibited the 

activity of papain-like protease (PLpro) that plays an inhibitory role in virus replication. The 

inhibitors of PLpro showed potency in the range of nanomolar. Similarly, ebselen inhibited the 

virus main protease, Mprothat is involved in replication and gene expression [33, 115-118]. 

However, further detailed studies are warranted before it may be used as a rational approach 

clinically. 

4.2 SeNPs versus elemental Se 

Se has both inorganic and organic chemical derivatives, including selenite, 

selenomethylselenocysteine, and selenomethionine. Numerous studies have been conducted to 

understand the anti-cancer effects. In general, the inorganic Se compounds exert more genotoxic 

stress, which may explain why the therapeutic window is smaller, systemic toxicity is higher, 

and the risk of metastatic burden is high. On the other hand, organic Se compounds have fewer 

side effects and less systemic effects while having strong anti-tumor activity and an improved 

capacity to prevent metastasis. Organic Se compounds represent an enormous class of 

chemically varied nucleophilic molecules. Numerous novel organic Se compounds have been 
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created in an effort to increase efficacy, selectivity, and efficacy while reducing toxicity. 

Combining all of the aforesaid qualities, organo-selenium compounds are a potential agent for 

cancer therapies [119]. The Se (IV) species selenite is the most relevant example of an inorganic 

selenium compound considered a medicinal agent for the treatment of cancer. The study 

demonstrated considerable cytotoxicity against cancerous cells, including lung, prostate, 

cervical, ovarian, and colon cancer cells, in human acute myeloid and lymphoblastic leukemia 

cells and hepatoma and mesothelioma cells. This cytotoxicity was in the low-micromolar range. 

SeMet, methylselenic acid, the thioselenide selenodiglutathione, the major cellular metabolite of 

selenite, and selenocyanates are examples of organic compounds. Further, a variety of human 

cancer cell models found that organic selenium is more effective than inorganic selenium 

because they are a more potent inhibitor of cell development than selenite [120].  

In various clinical trials the dose of selenium treatment for cancer, cardiovascular disorders, and 

diabetes given were 200 µg/day [121-123]. Further, clinical trials for an HIV virus-infected 

person given once a daily 200 μg selenium tablet [124]. There are various formulations by which 

selenium is administered to the patient such as in a clinical trial, patients with oral lichen planus 

(OLP), were instructed to apply the formulation of selenium hydrogel (selenomethionine 

(SeMet) 14 g/1g gel) and 200 g of selenium twice daily, or 400 g per day, in capsule form [125, 

126] the concept for topical selenium was inspired by the fact that chronic systemic selenium use 

has drawbacks, side effects, and a small window between dangerous doses of selenium (˃900 

μg/day) and deficient doses (<30 μg/day) [127]. While for use in a variety of nanomedicine 

disciplines, researchers are developing nanoparticles with both metallic and non-metallic origins. 

Due to their remarkable biological activity and minimal toxicity, selenium-containing 

nanoparticles (SeNPs) have recently attracted a lot of attention as prospective cancer therapeutic 

payloads. When compared to inorganic and organic Se molecules, SeNPs have greater 

biocompatibility and bioefficacy. To create new Se-based therapies and theranostics, a plethora 

of SeNPs have been created in recent years. Non-functionalized SeNPs were produced using 

several environmentally friendly chemical and biotechnological methods, and they demonstrated 

effectiveness against distinct types of cancer cells in a dose- and time-dependent manner [128, 

129]. 
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It is well known that nanoparticles offer variable means to decrease toxicity, improve bioactivity, 

advance targeting of cells, and enhance bioavailability. The profound antioxidant and pro-

oxidant activity or bioavailability and toxicity of Se are affected by its chemical forms [130]. As 

per the antioxidant activities and hematological findings, Bhattacharjee et al., proved that SeNPs 

have less or no adverse effect in comparison to free forms of organic and inorganic Se. 

Abnormal renal and hepatic function were highly prominent with selenite treatment than SeNPs 

as observed in histological findings and confirmed by increased renal and hepatotoxic markers in 

serum. SeNPs prevented DNA damage and caused lower bone marrow cell death than other 

forms of Se [131]. In another study, SeNPs showed equal efficacy as compared to Se-

methylselenocysteine (SeMSC) which is a native available organic Se product. SeNPs showed 

similar efficiency in enhancing the enzymatic activities of thioredoxin reductase, glutathione S-

transferase, and glutathione peroxidase but had much lower toxicity as observed by survival rate,  

acute liver injury, median lethal dose, and short-term toxicity [132, 133]. Though the studies 

showing a correlation between the expression of selenoproteins and SeNPs are lacking, it is 

plausible that the pharmacological effects of SeNPs are mediated by them, with the added 

advantage of reduced toxicity compared to their elemental counterpart. SeNPs can be used as a 

promising adjuvant remedy in COVID-19 management with minimal toxicity concerns. SeNPs 

possess good biocompatibility thereby can be utilized as an antiviral drug. Hence, owing to the 

beneficial effects of SeNPs, it could be explored as a potential therapeutic agent against COVID-

19. Though, there are very few anti-viral experiments using SeNPs against COVID-19. 

Therefore, there is a need for intense studies in this direction to confirm the role of Se in 

COVID-19 patients. 

4.2.1 Deleterious effects of Se 

High selenium exposure reduces the risk of breast cancer, lung cancer, esophageal cancer, gastric 

cancer, and prostate cancer [134]. However, depending on the element's chemical form, selenium 

can be toxic to humans [135]. However, on the other hand it has been reported that Se intake can 

also have the potential to increase the risk of development of cancer. A trial shows that 

supplementation of selenium at 200 µg/day as a selenized yeast promotes the risk of 

development of squamous-cell carcinoma and non-melanoma skin cancer. Further, another study 
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also reported that exposure to selenate (7–9 μg/liter) in tap water from 1975 to 1985 increased 

the incidence of melanoma than in non-selenium-exposed people [136-138].  

Moreover, high intake of Se leads to nausea, vomiting, diarrhea, and a garlic-like stench on the 

breath. In a condition of severe poisoning, cardiac and pulmonary symptoms may appear and 

may result in death with gun bluing solutions, which frequently contains selenous acid. Ingestion 

of other forms of Se between 1 and 100 mg Se/kg body weight can also lead to death.  Blood 

levels of 300 μg Se/L and urine levels of 170 μg Se/L exceeding than normal level of 100 g/L are 

related to mortality [139]. 

4.3 Preparation of SeNPs 

SeNPs have attracted a lot of attention from researchers due to their unique physical, chemical 

and biological activity. It can be synthesized through physical method such as hydrothermal 

techniques, UV radiation and laser ablation. Further some chemical and biological methods of 

SeNPs preparations also have been reported. Chemical synthesis of SeNPs includes various 

reactions such as catalytic reduction, acid decomposition or precipitation reaction by using 

sodium dodecyl sulfate, sulfurdioxide, ascorbic acid, glucose etc. However biosynthesis of 

SeNPs is the cheap and safe method, and it can be mediated through fungi, bacteria and plants 

[140]. Moreover, green synthesis of SeNPs also has been reported [141, 142]. 

5. SeNPs as a rational approach against viral and bacterial infections: Implications for the 

management of COVID-19 

5.1 SeNPs may suppress cytokine storm and lung fibrosis in COVID-19  

Severe inflammatory response and cytokine storm due to coronavirus infection makes the 

patient’s condition very serious. The SARS-CoV-2 invades the host cells via the ACE2 receptor. 

The acute immune response against coronaviruses is mediated by the viral RNA-mediated 

stimulation of the cytoplasmic and endosomal sensors, mitochondrial antiviral-signaling protein 

(MAVS), and toll-like receptor 3/7 (TLR3/7), respectively. The ACE2 receptors are known to 

activate the interferon regulatory factors (IRFs) and NFκB which in turn provokes the synthesis 

and release of the inflammatory cytokines. The dendritic cells (DCs) are known for antigen 

presentation and then migrate to the lymphoid organs to prime adaptive immunity. After 
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recognizing the antigen on DCs or infected cells surface, CD8+T cells induce apoptosis (Figure 

1). The uncontrolled immune response may lead to a massive cytokine storm which can threaten 

the life of COVID-19 patients (Figure 2). So, therapeutic strategies which can abrogate cytokine 

storm progression would be of high benefit at this time [143]. 

SeNPs have been reported to curb the overall inflammatory responses by inhibiting major 

inflammatory signaling cascades mediated by master players like MAPKs, NFκB and reducing 

the TNF-αexpression [35]. It was shown that Ulvalactuca decorated polysaccharide-based SeNPs 

formulation suppressed colitis induced by dextran sodium sulphate (DSS) by inhibiting pro-

inflammatory cytokines including interleukin (IL)-6, TNF-α through modulation of NFκB 

signaling [144]. In an interesting study, photo-dynamically active SeNPs having photosensitive 

and macrophage-targeting bilayers were shown to effectively tackle macrophage-associated 

inflammation, an important cell type implicated in acute and chronic inflammation. Further, 

melatonin-SeNPs conjugation based treatment with different doses improved the function of 

antioxidant enzymes like superoxide dismutase (SOD), GPX activity, decreased the serum 

nitrite, splenocyte proliferation, pro-inflammatory cytokines and liver pathological abnormalities 

[145]. Gangadevi et al., reported that SeNPs block a variety of inflammation and proliferation-

related pathways, making them a promising choice for psoriasis treatment. The topical 

application of SeNPs induces apoptosis by producing reactive oxygen species (ROS) and causing 

cell cycle arrest by modulating the expressions of MAPKs, STAT3, GSK-3, Akt, PCNA, Ki67, 

and cyclin-D1 in psoriatic mice [146]. Wallenberg reviewed that Se induces cell death in 

addition to ROS formation. Se at high concentrations can potentially increase extensive ROS 

generation and cause oxidative stress [147]. Further, Ren et al., also investigated the anti-

inflammatory activity of SeNPs dispersed in phytochemicals over Complete Freund's adjuvant-

induced rheumatoid arthritis in rats. SeNPs dramatically reduced the thiobarbituric acid reactive 

chemicals, COX-2 activity, with the restoration of antioxidant enzyme activities, and the levels 

of several inflammatory cytokines [148]. Shahabi et al., showed significant beneficial role of 

SeNPs in bleomycin induced pulmonary fibrosis in a rat model. SeNPs reduced the degree of 

inflammation, alveolitis and lung architecture as well. SeNPs showed anti-fibrotic effects by 

down-regulation of TGF-β and TNF-α [149].  Further, Shalby et al., showed the anti-fibrotic 

property of SeNPs as well as free form of Se by virtue of its membrane stabilizing capacity, free 

radical scavenging activity, antioxidant potential and anti-inflammatory action [150]. Notably, 
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SeNPs showed superior effects in comparison to elemental Se and the main cause could be 

attributed to the increased surface area, small particle size, and enhanced bioavailability. Thus, 

SeNPs could significantly reverse the virus mediated inflammatory cascade as well as potentially 

inhibit cytokine storm as shown in Figure 1 and 2. 

5.2 Antiviral and antimicrobial effect of SeNPs 

Due to their unique antimicrobial and antiviral properties, SeNPs have gained substantial 

attention in the scientific community. Se is a crucial trace element that is controlled by cellular 

redox homeostasis and acts as an internal constituent of selenoproteins maintaining fundamental 

biological activities, such as specific enzyme modulation and ROS elimination. Deficiency of Se 

in the host body can lead to increased susceptibility to viral infections. COVID-19 is a highly 

contagious viral disease which is probably more contagious than any other type of flu and has 

covered the global population rapidly [151]. So, developing a therapeutically viable and effective 

antiviral treatment is the utmost need of the hour. In this context, SeNPs possess attractive 

antiviral properties. It has been described that deficiency of Se element leads to increased virus 

pathogenicity. The deficiency of Se in virus-infected animals displays immune dysfunction, 

enhanced chemokines including altered cytokine expressions. Se-deficient mice infected with the 

Coxsackie virus resulted in the development of myocarditis and additional experiments revealed 

that the alterations in virulence were due to point mutations in the genome of the virus. Hence, in 

a Se-deficient condition, replication in the host causes a normally benign virus to attain virulence 

because of mutations in the virus. The scarcity of Se in HIV-infected patients is also linked with 

disease advancement and with liver cancers induced by the hepatitis C virus. It shows that a 

suitable amount of Se aids in protecting the host from viral infection [152]. Se deficiency either 

in serum or plasma ≤85 μg/L, has been related to reduced survival time in HIV-infected patients 

[153]. Though linkage among low serum or plasma Se exists, lesser CD4+ cell count and 

increased viral titer can also be due to the reduced amount of blood Se via acute-phase reaction 

in individuals with more progressed infection of HIV-1 [154]. The beneficial role of Se 

supplementation in HIV-infected patients has been shown in two randomized control trials, in 

which HIV-positive patients supplemented with Se at the dose of 200 μg per day remarkably 

reduced the frequency of hospital admissions associated with the infection. One more test was 
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conducted where HIV-infected adults having a higher level of Se concentration in serum showed 

reduction in viral load, HIV disease duration and hepatitis-C virus co-infection [155, 156]. 

Zhong et al., performed an experiment in an anti-EV71 cell model and reported the increased 

oseltamivir's antiviral activity when it was loaded onto the surfaces of SeNPs to create 

SeNPs@OT (functionalized antiviral nanoparticles). SeNPs@OT successfully entered human 

astrocyte U251 cells (host cells) via clathrin-associated endocytosis, suppressing EV71 growth 

and potentially protecting EV71-infected U251 cells from apoptosis via the mitochondrial 

pathway. SeNPs@OT also reduced the generation of ROS, which inhibited EV71 activity in 

EV71-infected U251 cells [157]. Meanwhile, Rojekar et al., developed Etravirine nanostructured 

lipid carriers and modified them using nano-Se, and the result revealed that the potential for a 

dual-loaded formulation to target HIV-1 infection synergistically increased intracellular 

antioxidant balance to improve anti-HIV therapy duration [158]. Arbidol, which is a clinically 

used anti-viral agent but its use is limited up to drug-resistant viruses. To eliminate this drug 

resistance issue, Li et al., designed surface altered SeNPs having arbidol (Se@ARB) that exerted 

a great antiviral effect. SeNPs have an antiviral effect and their decoration with arbidol 

additively inhibited the H1N1 infection. By down-regulating the activity of hemagglutinin, 

Se@ARB impeded the association among the H1N1 influenza virus and the host cells. Se@ARB 

can avert the H1N1 influenza virus from infecting MDCK cells and stop DNA fragmentation and 

chromatin condensation. Se@ARB treatment resulted in cytoplasmic shrinkage, hampered cell-

to-cell communication, and decreased cell numbers. Se@ARB subsequently declined the 

proliferation of the H1N1 influenza virus and improved the overall cell viability to 85% in 

comparison to H1N1 influenza virus-infected cells in which cell viability was just 34%. 

Additionally, Se@ARB repressed the generation of ROS. As evident from the hematoxylin and 

eosin staining of in vivo experimental probes, Se@ARB prevented the lung injury caused by 

H1N1 infected mice. TUNEL assay of lung tissue slices showed a high degree of DNA damage 

but Se@ARB treatment substantially abrogated this effect. Further, histological findings with 

immunohistochemistry revealed the activation of caspase-3, AKT, and MAPK signaling 

pathways which were restrained by pharmacological treatment with Se@ARB. Altogether, the 

findings of this study demonstrated that Se@ARB possesses potential antiviral activity which 

can be used to tackle the drug resistance observed while clinical practice against the H1N1 

influenza virus [37]. Interestingly, SeNPs prevented the infection of Enterovirus A71 (EV-A71) 
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as observed by thiazolyl blue tetrazolium bromide and cytopathic effect in Vero cells. SeNPs 

impeded the proliferation of Vero cells infected with the EV-A71 virus as evident by the 

decrease in nucleic acid levels of the virus. Moreover, SeNPs significantly diminished the 

expression of both caspase-8 and caspase-9 stimulated by the EV-A71 virus. Moreover, SeNPs 

inhibited the apoptosis of Vero cells triggered by the EV-A71 and reduced the phosphorylation 

of Jun amino-terminal kinase [159]. SeNPs potentially exhibited antiviral activity against the 

Dengue virus also. In a recent systematic review a negative correlation of Se deficiency in 

COVID-19 patients was shown. The systematic review included studies which enrolled COVID-

19 patients and took blood samples to assess the Se levels and consistently found Se deficiency 

in almost all COVID-19 patients indicating that estimating the serum Se is reliable approach for 

diagnosing Se level in COVID-19 patients. Further, Se levels in the serum of COVID-19 patients 

were significantly lower than healthy controls that resulted in poor outcome during the treatment.  

Interestingly, in some patients the Se levels were very high in the urine samplesand was 

associated with severe and fatal cases in contrast to the less severe and already recovered patients 

[160]. The efficacy of SeNPs is due to the ability to modulate the levels of selenoproteins, the 

active Se entities of the body. However, it is too early to conclude the clinical application of Se 

species for COVID-19 management and further detailed investigations are warranted.  

Apart from antiviral effects, the antibacterial property of SeNPs has also been described in 

numerous studies [161-166]. SeNPs were proved to have excellent antimicrobial activity at 

different doses against different bacterial strains. SeNPs were observed to inhibit replication of 

Staphylococcus aureus [167-169], Pseudomonas aeruginosa [170, 171], and E. coli [172, 173], 

respectively upto 99%. Likewise, SeNPs at a dose of 500 µg/mL were able to hamper the growth 

of Aspergillusclavatus which is a pathogenic fungus. The antimicrobial potential of SeNPs was 

found to be equivalent with commercially present Ampicillin antibiotic [174, 175]. Moreover, 

SeNPs were generated by using E. faecalis can be employed as an anti-staphylococcal agent to 

significantly prevent as well as to treat S. aureus infections [176]. Yang et al., explored the in 

vitro antimicrobial effect of Qe/CdSe/ZnS (quercetin/cadmium selenide/zinc sulfide) 

nanoparticles (QCZNPs) against drug-resistant B. subtilis and E. coli. QCZNPs showed distinctly 

good antimicrobial efficiency than Qe or CdSe NPs [177]. Wang et al., demonstrated the 

potential of Se coatings on polycarbonate medicinal tools where Se coating remarkably 

inhibited S. aureus growth to 27% after 72 hours in comparison with an uncoated polycarbonate 
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surface [178]. The antimicrobial properties of SeNPs can be effectively harnessed by using 

disinfectants supplemented with these unique NPs which can be used for effective prevention of 

this highly contagious viral infection [179, 180]. Altogether, these finding demonstrates that 

SeNPs could be considered as a novel, promising therapeutic strategy against the COVID-19 

pandemic [41, 181, 182]. 

5.3 The efficacy of SeNPs to scavenge detrimental reactive oxygen species  

Oxidative stress has a profound negative impact on the pathogenesis of COVID-19 that adds up 

to the disease-related co-morbidities. Due to disturbed redox status, normal homeostasis between 

antioxidants and pro-oxidants is imbalanced which triggers cellular level damage and has been 

related to augmenting COVID-19 related systemic complications. Macromolecular damage and 

restrained thiol redox trail cause imbalanced redox activity resulting in aberrant cellular signaling 

which makes the disease more aggressive [183]. Because of its potent antioxidant capability, 

SeNPs restore the imbalanced oxidative stress and, thus, can potentially reverse or halt the 

oxidative stress-mediated changes in different diseases [179, 180]. SeNPs have been reported to 

restore lipid peroxidation, improve physiological glutathione levels which makes it a strong 

candidate to be tested for efficacy against COVID-19 management [35, 41, 181, 182]. In a novel 

study, glutathione (GSH)-anchored SeNPs (G@SeNPs) with different enantiomers were used to 

explore its antioxidant property in palmitic acid-induced oxidative stress in insulinoma cells 

(INS-1E). Cytotoxicity assay revealed a remarkable safety profile of the SeNPs even at high 

concentrations. After treatments with G@SeNPs, ROS levels were significantly reduced in 

palmitic acid-induced stress indicating a potent antioxidant profile of SeNPs [184].  

Further, the hepatoprotective activity of SeNPs against acetaminophen (APAP)-induced hepatic 

injury has been reported. Oral administration of APAP overdose impelled the remarkable 

increase in liver function biomarkers and increased hepatic lipid peroxidation, with reduced 

hepatic SOD, catalase, glutathione (GSH) content, and glutathione reductase (GR) activity and 

significantly stimulated the DNA impairment in hepatocytes, in comparison to control rats. 

SeNPs intervention upgrades the hepatic antioxidant defense process and reduced the cellular 

sensitivity towards DNA impairment, improved the liver function and oxidative stress by 

modulating the activity of SOD, catalase, and GSH, and declines in hepatic DNA fragmentation 

indicating the potent anti-oxidant profile of SeNPs [185]. Figure 3 shows various proposed 

pharmacological effects of SeNPs of potential interest for the management of COVID-19. No 
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doubt there remains a risk of adverse effects  upon modulation of any biological process in the 

body. In COVID-19 patients excess generation of ROS/RNS have been reported widely and 

reducing their levels proved as a beneficial outcome in infected patients. Generation of ROS 

leads to cellular damage and death which has close association with inflammation, neurological 

disorders, cancer, and other maladies. Small-molecule antioxidants containing sulfur in their 

chemical skeletal and selenium can reduce oxidative damage. The antioxidant properties of 

sulfur compounds are commonly evaluated with regards to Se antioxidant properties; 

nevertheless, sulfur and Se antioxidant actions can be relatively distinct, with each utilizing 

diverse antioxidant mechanism pathways to prevent oxidative cellular damage. Sulfur and Se 

based compounds, adapt ROS scavenging, glutathione peroxidase, and metal-binding antioxidant 

mechanisms to balance redox homeostasis processes. But reducing the ROS/RNS below the 

normal levels causes imbalance between these processes leading to altered cellular functions 

[186]. Hence, further detailed investigations on Se species are warranted for any future clinical 

application. 

5.4 SeNPs as an immunomodulator 

Selenoproteins play a crucial role and are required for activated T-cell functioning. T cells are 

highly susceptible to oxidative stress, and deficiency of selenoproteins in T cells leads to 

attenuated proliferation response to T-cell-receptor stimulation. Patients having heterozygous 

defects in the selenocysteine (Sec) insertion sequence binding protein 2 (SBP2) have been found 

to have a reduced ability to synthesize most of the selenoproteins. These individuals show 

reduced lymphocyte count and attenuated T cells proliferation after polyclonal stimulation, 

emphasizing the significance of selenoproteins in the orchestration of an efficacious immune 

response [187].  

Interactions among IL-2 and its receptor regulate T-cell proliferation [188]. Clinical studies 

reported the association among lymphocyte proliferation and Se supplementation, led by 

improved expression of the high-affinity IL-2 receptor [189]. Mice fed with high Se 

supplementation demonstrated enlarged expression of both IL-2 and the high-affinity IL-2 

receptor chain along with increased T-cell signaling and CD4+ T-cell functions. It was observed 

that high Se supplementation changed the Th1-Th2 balance towards Th1, resulting in enhanced 
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expression of CD40 ligand and interferon-γ. Such a transition effect would be highly beneficial 

against antiviral immune or anti-tumor responses which rely on powerful Th1 immunity [115, 

188, 190, 191]. 

Patients having immuno-compromised status are more prone to COVID-19-related 

complications. Patients suffering from other diseases are more vulnerable to this infection, 

especially the older people which have compromised immunity [192]. Thus, boosting the 

immune system by a pharmacotherapeutic might be of immense value. Earlier, SeNPs were 

proved to elicit a strong immune response in breast cancer. After 20 days of tumor induction, 

serum samples were collected to estimate the cytokine level. During the complete study weight 

of mice and tumor growth along with delayed-type hyper (DTH) sensitivity response was 

observed. Treatment with SeNPs significantly increased the levels of serum IFN-γ, IL-2, IL-12 

and reduced the TGF-β and tumor volume. Further, additional intense DTH responses and longer 

survival rate was observed in comparison to control and tumor lysate vaccine [193]. In a similar 

study, a 200 μg/day dose of SeNPs shrunk the tumor and extended the survival time [194]. 

Interestingly, the fact that deficiency of Se is one of the features of a large group of COVID-19 

patients and increases the risk of fatality. Hence, the use of SeNPs for supplementation may be 

an effective option for boosting immunity and reducing the risk of mortality [41, 179-182]. 

Further, SeNPs can be appraised as an adjuvant in vaccines to effectively boost the immune 

response. Se has been reported to hamper cancer cell growth by counteracting the harmful effect 

of aflatoxins, thus, reducing the teratogenic potential of this toxin [195, 196]. Potentially, the 

anti-carcinogenic potential of Se leads to the initiation of various changes such as metabolizing 

carcinogens, altering the interaction among carcinogens and DNA, improvement of glutathione 

concentration and the process of detoxification, reducing the metabolic reactions in tumor cells, 

alterations in cell membrane permeability, and boosting the immune system [197, 198]. 

Despite concrete results from in vitro and in vivo studies that Se plays an imperative role in 

immunity, however, its indication in human beings is limited [188, 199]. Se supplementation has 

prominent immunostimulant effects in Se-enriched individuals as it provides an improved 

proliferation rate of activated T cells, enhanced natural killer cell activity, and cytotoxic 

lymphocyte-mediated tumor cytotoxicity activity. The immune response is generally weak in old 

age people and during cancer therapy [115, 153, 200]. Se supplementation in old age volunteers 
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with 400 μg/day remarkably improved the total T-cell count by 27% in comparison to the 

placebo, chiefly due to boosting subsets of CD4+ T cells and enhanced NK cells cytotoxicity. Se 

supplementation of 100 μg for 6 months significantly augmented the proliferative response to 

antigen challenge [200]. Similarly, Se supplementation (200 μg) in patients having squamous-

cell carcinoma of the neck and head during radiation or surgery resulted in a significant 

enhancement in cell-mediated immune sensitivity in both cases during and after the treatment 

period. However, a decreased immune response was observed in the patients who were given a 

placebo [191]. A study in which subjects having fairly low Se status was supplemented with 2 

different doses of Se (50 μg and 100 μg per day) and were challenged with an oral, live, 

attenuated poliovirus cleared the virus more swiftly than placebo control subjects [115]. 

Luo et al., reported that the Se-HEP loaded PLGA NPs and Se modified HEP-PLGA NPs 

dramatically increased macrophage phagocytic activity, as well as CD40 and CD86 expression. 

Furthermore, peritoneal macrophages were stimulated with Se-HEP-PLGA and HEP-PLGA-Se 

NPs, which enhanced NO, TNF-α, IL-1, and IL-6 levels. The effects of Se-HEP-PLGA on the 

expression of co-stimulatory molecules, NO secretions, and cytokines were the best of all. These 

findings suggested that Se-HEP-PLGA could boost macrophage activation and could be used as 

a HEP delivery strategy to produce powerful immune responses [201]. Additionally, Se 

synergies with vitamin E and exhibits a strong anti-oxidant effect. In metabolic pathways, sulfur-

based amino acids such as methionine and cysteine are also linked. Se, combined with vitamin E, 

which is also a potent anti-oxidant, guards the organs against the devastating effects of ROS. At 

the cellular level, they protect the mitochondrial dysfunction, maintain mitochondrial membrane 

potential,  and prevent the microsomal membranes from fatty acids oxidation. Combined 

management of Se with vitamin E results in an effective immunostimulatory effect [202]. 

However, there is no conclusive evidence that Se species may be of potential clinical relevance, 

and detailed investigations are warranted. 

6. Possibility of SeNPs for the preparation of novel drug delivery systems for COVID-19 

therapy  

The path of drug delivery and dose formulation of a drug is the main deciding factor for disease 

treatment. Hence, it is essential to formulate an appropriate dose formulation to attain improved 

therapeutic results, and in this regard nanotechnology offers a plethora of platforms for 
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exploitation [130, 180, 203]. Primarily, COVID-19 attacks the lungs, making them inefficient in 

functioning; thus, locally targeted drug delivery to the lungs may be an effective therapeutic 

approach [204]. SeNPs can be formulated as a theranostic agent with simultaneous tracking 

using fluorescent dyes and therapeutic benefits at the same time. In addition, SeNPs provide a 

versatile platform for devising effective diagnostic tools for the screening kits as the polymerase 

chain reaction (PCR) based diagnosis is extremely costly and time taking [181, 182]. To achieve 

this objective, aerosol-based mouth spray formulation is a potential strategy that is easily 

manageable and imparts rapid relief for a particular period of time. Aerosols can directly target 

the lungs and decrease the extremity of infections caused by COVID-19, resulting in improved 

patient health outcomes. It is advised to repeatedly consume the dose by inhalational spray; it 

may not be compliant in all sets of patients. In such situation, sustained release SeNPs 

formulation can be injected directly i.v. that will have 100% bioavailability and increased clinical 

response. Furthermore, SeNPs can be delivered into a thin film and can be formulated as 

transdermal patches that may deliver the SeNPs for a long duration. Further, adding other anti-

inflammatory drugs along with SeNPs would act as dual synergistic approach for the 

management of COVID-19 therapy [41, 179, 205, 206]. The Figure 4 shows the schematic 

representation of the proposed routes of administration. 

7. Conclusions 

Owing to their ability to curb inflammation by modulating NFκB, Nrf2, TGF-β, and MAPKs, 

SeNPs can halt the progression of lung injury and fibrosis. In addition, it may suppress systemic 

complications as well. Further, the immunomodulatory activity may aid in improving viral 

defense by supplementation. As it possesses attractive antiviral and antimicrobial effects, SeNPs 

can inhibit the progression of diseases as well as reduce the threat of secondary infections. We 

have highlighted the importance of SeNPs and selenoproteins and their potential for further 

exploration in the context of emerging microbial and viral infections, including COVID-19. 
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Figures: 

Figure 1. Acute Immune Responses to Coronaviruses: Coronaviruses are RNA viruses, which 

get entry into human lung epithelium via angiotensin-converting enzyme-2 (ACE2) receptor and 

infects them. Viral RNA stimulates the cytoplasmic and endosomal sensors, MAVS and TLR3/7 

respectively. These ACE2 receptors activate the Interferon Regulatory Factors (IRFs) and NFκB 

to provoke inflammatory cytokine synthesis and release, including interferons (IFN). Dendritic 

cells sample antigen and migrate to lymphoid organs to prime adaptive immunity. After 

recognizing antigen on DCs or infected cells surface, CD8-T cells induce apoptosis. The Figure 

show various steps where selenium nanoparticles may elicit inhibitory activity. 1. Entry of 

coronavirus into the lung through ACE2 receptor. 2. Coronavirus starts replication inside the 

host cell. 3. Stimulate the cytokine regulatory proteins (NFκB, IRFs). 4. Induced proteins 

provoke the synthesis of inflammatory cytokines. 5. Release of inflammatory cytokines. 6. 

Degradation of the receptor. 7. Induction of apoptosis. The Figure was createdwith 

BioRender.com. 
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Figure 2. Cytokine Storm: Cytokine storm, which is an exclusive phenomenon to worsen the 

patient condition in COVID-19 patients. When cytokines are released without breaks, they may 

cause damage to the cells which respond to the cytokines and halt the function of the multiple 

organs. The Figure was created with BioRender.com. 
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Figure 3. Potential (probable) benefits of SeNPs against COVID-19. 
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Figure 4. Diagramatic representation of route of administration of SeNPs to combat COVID-19. 

 

 

Pulmonary Formulation
•Fast onset

•Patiient compliant
•Low dose

•Enhanced gas exchange
•Reduce fibrosis in lungs

i.v. Injection
•Precise drug control

•Large volume can be injected
•100% Bioavailability

•Reduce systemic cytokine
level

SeNPs
Aerosol

SeNPs
Aerosol

Jo
urn

al 
Pre-

pro
of



Highlights: 

• Deficiency of selenium has been described in a significant number of COVID-19 

patients. 

 

• SeNPs possess promising anti-inflammatory and anti-fibrotic effects by virtue of their 

NFκB, MAPKs and TGF-β modulatory activity. 

 

• SeNPs have been shown to curtail viral and microbial infections thus, making it as a 

novel means to halt viral growth. 

 

• Selenoproteins are vital for immune response against viral infections and SeNPs may 

boost selenoprotein activity. 

  

• SeNPs may aid in reducing the secondary bacterial infections associated with viral 

infection. 
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